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Abstract
The present work shows an approximation method for solar designers to evaluate the feasibility of solar thermal plants in Europe depending on the type of solar collector used, the coordinates where the system is going to be installed and the types of summer and winter demands to be covered classified by the design temperatures needed for the processes.
This method evaluates the maximum amount of energy able to be captured from the sun to satisfy the needs of a residential building in terms of Domestic Hot Water (DHW), heating and cooling demands.
The final result of the work is a matrix where it is evaluated the combination among:
• Two different technologies of collectors: Flat Plate and evacuated tube collectors
• Two different ways of covering heating demands. Thermal collectors combined with thermal back up and thermal collectors combined with Thermally Driven Heat Pumps(TDHP).
• Energetic and economical results plotted in maps will permit easy comparisons among the configurations.
Methodology
The climatic conditions of 513 European locations have been studied to evaluate the relations between the solar thermal renewable energy produced with different combinations of collectors and heat pumps, and the energy demands that a determinate building has in the heating and cooling season. In order to have a representative distribution of the climate around Europe a previous study on the results obtained from the weather stations have been done, eliminating those places sited closer than 50 kilometres to another station and with similar values of Total Horizontal Radiation, Heating Degree Days (HDD) and Cooling Degree Days (CDD).
Once that the division of the European Climates is done, the study of the demands of a determinate domestic building will be done, placing it in all the locations, to obtain dairy the heating, cooling and Domestic Hot Water (DHW) demands, and those diary results will be compared with the diary energy able to be harvested from the sun with the use of different solar thermal technologies. These results will be evaluated in an energetic and economic base to advise on the approximated results that can be obtained from this kind of facilities depending on the configuration and location where they will be installed.
It has also developed the design of a housing type on which to estimate the impact that different European climatic zones can have on it and its associated demand. This definition of the climatic zones will permit to refer the results obtained for the locations to a finite number of reference places (one by zone), that will be further deeply studied, decreasing the working load of treating data of nearly 400 localities.
Study of the European Climates
In Figure 1 , it is shown that the correspondent WCS and SCS values are not homogenously distributed inbetween the group:
• Summer Climatic Severities take values over 9 for the majority of the studied cases, appreciating This lack of homogeneity produces an irregular distribution of the locations if their WCS and SCS would be treated in quartiles or homogenous linear intervals. In order to solve this problem, the climatic zones are defined by a square 7x7 matrix where the SCS's are represented as columns and WCS's are files. There have been defined for each one of the severity indexes 7 classes, where the first and the last one are those climates previously commented that represent distribution extremes, and the internally five intervals are classified by five equal percentiles of the resting climates. (SCS's lower interval has not been defined due to the uniformity of the data obtained, changing the form of the climatic distribution to a 6x7 matrix). As it can be appreciated , the adopted configuration distribute in an uniform way the climatic files into the classes. (Figure 4 ). 
Description of the building
The effect of climatic conditions on domestic buildings has been evaluated with the definition of a building simulated with an hourly code that transform environmental characteristics and internal loads into heating and cooling to be satisfied by the heating and refrigeration facilities. The building simulated for the 387 locations around Europe is a single family house with a compressive area of 100 square meters and 2.4 m height. In order to have all the possible boundaries due to orientations and external conditions, the building is a regular poligon with its eight external walls oriented to the cardinal and intercardinal directions. It hasn't be considered any shadow on the walls, there is an energetic exchange with the surronding ground and the roof interchanges energy with the ambient. This case define the most exposed domestic building typology to the ambient conditions of the places, due to the high ratio external surface/climated space.
The occupancy load is a function of a four people domestic profile and the DHW demand is calculated following (Ulrike Jordan, Klaus Vajen) The coefficients that define U values of the external surfaces, give enough insulation for most of the climate classifications of this work, although the authors clearly agree that, in extreme cold cases should be recommendable to have more externally isolated spaces. Analogously, in extreme hot zones, shadowing systems should be planned to avoid excess of solar contributions through the windows. Nevertheless, the building overpass the requirements of most of the European Building codes, letting it be the necessary common object of study for this work.
Description of the installed systems
The effect of the climatology on the solar production technologies has been evaluated with two different solar thermal configurations, both of them tested with a flat panel collector and an evacuated tube collector. • The first one harvest all the radiation arriving to the collectors, to drive the domestic hot water demands and the heating demands of the building, distributing the energy in the house through a radiant floor system that works at 35ºC as maximum delivering temperature. The set point temperature of the storage tank is determined by the existence or not of a building heating demand at lower temperatures than the ones needed for DHW. This strategy optimizes the efficiency of the collectors and increase the working periods of the solar facility. When no heating demand exists, the set point temperature of the tank increases to the 60 degrees needed to deliver DHW. A back up boiler is installed in serial with the solar plant, to assure the minimum temperatures that the building occupants demand. • The second case connects the solar plant to a Thermally Driven Heat Pump driven by the collectors and a gas boiler. Solar collectors deliver energy to the evaporator of the heat pump with temperatures around 15 to 20ºC, increasing much more the usage time and the efficiency of the solar facility. The gas boiler drives the heat pump at the optimum working temperature that permits a maximum COP obtaining in the condenser of the machine a temperature of 35 ºC. This condenser is connected to a distribution water tank that delivers the energy to the house. As far as the distribution tank increases the temperature over 35ºC, heating and DHW demand are lower than the heat pump production, this one is stopped and the new set point of the solar plant is moved to 35 in order to work without a gas consume. As happened in the first case, when there is no solar resources available, the gas boiler is connected in serial with the delivering water tank to provide the exact temperatures needed.
In summer time, the solar collectors will be connected directly to the generator of the TDHP to drive it as a chiller, providing the energy needed to cover the cooling load of the building. In this cooling season, the priority is given to the DHW demand, according to the strategy of increasing the efficiency of the solar plant, and the boiler will work as a high temperature back up for the chiller and the DHW systems. In order to compare both solar plants, the number of collectors installed is decided, for each location and collector technology, evaluating the heating and cooling demand of the building in that place and the efficiency of the collectors when the maximum heating and cooling loads occur, dimensioning the solar plant to cover the smaller of both demands. In this way, the system will not be overheated along the year (Along the year, the solar energy harvested will not be higher than the demand of the building) and the total efficiency, as well as the economic results of the system will be optimized. 
Obtained Results
The number of square meters installed to cover the building demands and the return of investment periods for the different solar thermal facilities are going to be shown in the following matrixes and maps. As it can be seen in the Figure 8 and Figure 9 , there is an important area that needs more than 40 square meters installed to cover the building demands. The numerical values obtained are printed in the Table 4 , divided in the groups determined by the climatic zones previously defined. Figure 10 and Figure 11 represent graphically the number of years needed to recover the invesment of each one of the thermal facilities installed to deliver hot water for heating and DHW purposes. When the solar thermal plants defined in Table 4 are used in combination with a sorption machine for summer and winter uses, the results obtained are represented graphically in the Figure 12 and Figure 13 . The numerical results are shown in Table 6 . 
Conclusions
The study developed in this article demonstrates the efficiency of the combination between solar thermal technologies and thermally driven heat pumps around Europe for a determinate building and occupancy profile. The prices studied are averages of the gas prices published in (ESTIF) although nowadays the cost of each kWh gas in Europe is higher and as a consequence the periods of investment of the studied systems are shorter.
The boundary condition imposed to avoid energetic overproduction when there are no heating, cooling or DHW demands present a lower amount of Evacuated Tube collectors installed in comparison with the Flat Plate ones. This smaller solar plant is not always translated to the user as a cheaper facility due to the elevated price of the tubes and the climate severity of some European zones. Locations placed in southern Europe with severe summers in terms of high radiation and elevated temperatures, and soft winters have better economical results when installing Flat Plate collectors to provide thermal energy in winter use or also when a thermal heat pump is installed, to deliver cold water in summer. In the rest of the European zones, fit better the combination of the building with Evacuated Tube collectors.
When the return of investment is the parameter chosen to decide the facility, it must be explained that only a limited amount of climatic zones have acceptable results (less than 20 years) when the solar plant is only installed to deliver energy for heating and domestic hot water, but the numbers decrease drastically when a combination with a sorption machine able to work in cooling and heating mode is done.
In every climate condition defined by low Winter Severity indexes or Summer Severity indexes below the class C, the combination of solar collectors with thermally driven heat pumps are acceptable options in terms of energetic and economical savings.
